
Citation: Dr Mirant Dave, “The History of Lumbar Disc Herniation (LDH) – Learning from the Past”  
MAR Orthopedics.33 

www.medicalandresearch.com (pg. 1) 
 

 

Review Article                                                                   Journal of MAR Orthopedics (Volume 3 Issue 3) 

The History of Lumbar Disc Herniation (LDH) – Learning from the Past 

Dr. Ramavtar Saini 1, Dr. Anshu Sharma 2, Dr Mirant Dave 3*. 

1. Professor and Head of Unit, Department of Orthopaedics, Geetanjali Medical College and Hospital, 

Udaipur, Rajasthan 

2. Assistant Professor, Department of Orthopaedics, Geetanjali Medical College and Hospital, Udaipur, 

Rajasthan 

3. Orthopaedic Resident (PGY3), Department of Orthopaedics, Geetanjali Medical College and Hospital, 

Udaipur, Rajasthan 

 

Corresponding Author: Dr Mirant Dave, PG Resident, Department of Orthopedics, GMCH, Udaipur 

 

Copy Right: © 2022 Dr Mirant Dave, This is an open access article distributed under the Creative Commons 

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. 

 

Received Date: April 03, 2022 

Published Date: April 10, 2022 

 

 

 

 

 

 

 

 

http://www.medicalandresearch.com/


 

 

                                                                                  Journal of MAR Orthopedics (Volume 3 Issue 3) 

Citation: Dr Mirant Dave, “The History of Lumbar Disc Herniation (LDH) – Learning from the Past”  
MAR Orthopedics.3.3 

www.medicalandresearch.com (pg. 2) 

 

Introduction 

Lumbar Disc Herniation (LDH) has been a cause of pain and disability from ancient times. This condition 

has been given many names in the Indian, German, British and various other texts. 

Diagnosis of this condition has been a challenge and treatment has evolved from witch craft to 

endoscopic or minimally invasive surgery. 

Learning from the past and reaping the benefits of the ancient texts and research papers, medical 

professionals can avoid making the same mistakes and evolve with the technological advances. 

 

Early History of Lumbar Disc Herniation 

In ancient times, evil forces like the German witches and the British elf’s arrow were attributed to be the 

cause of lower back pain.1 

The ancient Hebrews believed God touches Jacob’s hip which caused sciatica. Many descriptions on 

sciatica have been found in Indian medical texts. There is a description of marmas, discrete areas in the 

body where bones, muscles, joints come together. Kakundram marma is the region of lumbar and 

sacrum, when injured leads to lower extremity numbness or paralysis.2 

The ancient Greeks and Egyptians also described a relationship between spine injury and lower 

extremity symptoms.3 

Hippocrates wrote about the relationship between antalgic gait, sciatica and claudication. He prescribed 

massage, heat, rest, diet changes and music for treatment.4 

Galen in the second century described many spinal pathoanatomic treatise.5 

Caelius Aurelianus in fourth century wrote plate depictions of the spine and intervertebral disc spaces.6 

He described sciatica was caused by ‘‘a sudden jerk or movement during exercise, unaccustomed digging 

in the ground, lifting a heavy object from a low place, lying on the ground, a sudden shock, a fall, or 

continuous and immoderate sexual intercourse.’’ According to him, treatment was bedrest, massage, 

passive ROM and heat. 

Paulus of Aegina first advised spine surgery in the seventh century, mainly for trauma.7 

He described pain radiating to buttock and groin to the knee and to extremities. He also described bed 

rest as the primary management for most of the suffers. 

Turkish physician Sabuncuoglu treated sciatica with cauterization in his early accounts. After the fall 

of Roman empire, in the 15th century, Turkish and Arabic medical literature on sciatica came into 

limelight.8 
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De Ischiade Nervos Commentarius, Domenico Contugno described radicular pain as pain arising from 

sciatic nerve. Radicular pain was known as Cotugno’s disease for many years.9 

Virchow in 1857 described disc pathology in the form of ruptured disc, known as Virchow’s Tumor 

during his time.10 

Luschka in 1858 described disc ruptures, but didn’t relate them to symptoms of patients.11 

Ernest Lasegue in 1864 described close association between lower back pain and radiating pain. He 

described the Straight Leg Raise (SLR), also known as Lasegue’s Maneuver.12 

Lister’s work on antisepsis gave a new edge to safety in surgery. Wlliam MacEwen and Victor Horsley in 

1887 are known to have performed the first lumbar laminectomy.13 

Fedor Krause in 1908 performed the first discectomy at Berlin, following advice of Oppenheim, 

Neuropathologist.14 The tissue was mistaken as an enchondroma.15 

Kocher in 1896 described L1-L2 disc displacement in post-mortem findings a man who had fallen from 

height.16 

 

Lumbar Disc Herniation in the 20th Century 

Alfred Taylor in 1909 performed the first unilateral laminectomy. He is also credited with the first 

extradural discectomy.17 

Goldthwait and Osggod in 1911 described disc pathology as the cause of lower limb pain and paresis. 

Surgery on the same patient gave relief of symptoms, which confirmed their findings.18 

German pathologist, Schmorl in 1920s studied 10,000 spines. He gave descriptions of disc material in 

the canal and vertebral body. The term herniation became popular from his descriptions.19 Schmorl’s 

Node is a term used even today for focal herniation of disc material in the Vertebral Body (VB) due to 

endplate injury. 

In the European countries, terms like disc retropulsion, collapse and rupture were commonly used.20 

American neurosurgeon, Walter Dandy reported cases of lumbar spine surgery for leg pain.21 By 1940s, 

the term herniation was used to describe disc related displaced elements.22 

NASS Nomenclature and Classification of Disc pathology provide a monography where they recommend 

using the term LDH.23 

Mixter, a neurosurgeon and Barr, an Orthopaedic surgeon, in 1932,  carried out surgery for a patient 

with a preoperative diagnosis of “intervertebral disc rupture”.24 The patient was 28 years old, with 

classic signs of nerve root compression, with positive SLRT and an absent ankle reflex. An L2 to S1 
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laminectomy was performed. Barr rejected the older theory of tumor, enchondroma. His pathologist 

confirmed the same.25 

Mixter and Barr in 1934 presented a correlation of disc prolapse and clinical symptoms resulting from 

nerve and cord compression. They advised a surgical approach. They used a pituitary ronguer to enter 

the disc space.26 Later Barr presented a 35 patient series showing pre-existing degeneration as a factor 

for herniation.27 

Love in 1938 described intralaminar approach for discectomy. Recurrent herniation was described for 

the first time.28 

By 1960s, surgical removal of discs which were herniated became rapidly popular. Casper in 1977 

presented good results in 102 patients who had undergone discectomy.29 

Hoppenfeld in 1977 described lumbar disc radicular signs and symptoms in detail in his book on Spine 

Neurology.30 

By mid 1980s many studies aimed at better identifying the clinical signs of surgically treated 

radiculopathy. 

Weber and Hakelius in 1980 described the natural history of patients with LDH in their seminar papers. 

Both studies compared outcomes of surgical and conservative management of patients. Weber showed 

earlier relief in surgical group of patients. Hekelius described no difference in the two groups.31,32 

John McCulloch in 1996 wrote long term results of surgical management were slightly better than 

conservative treatment. He is known to be the pioneer of microdiscectomy.33 

Pstacchini et al. in 2011 described phagocytosis of the disc material by macrophages in histochemical 

evaluation.34 

Wegner et al. in 2013 presented a review on traction for spine ailments. The concluded that traction has 

low to moderate quality of evidence for patients with LBP with sciatica.35 

 

Patient Evaluation – Evolution of imaging 

The evolution of patients through the last 100 years has been substantial. Clinical history and physical 

examination was the mainstay for a generation of medical professionals. Advances in imaging techniques 

have impacted the understanding of intervertebral disc herniation natural history, pathoanatomy, and 

management. 

Rontgen in 1896 reported the use of medical imaging for the first time. He initially obtained only 

Anteroposterior views.36 
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Davis in 1925 obtained the first lateral view. Plain radiographs were not diagnostic for neurocompressive 

pathology in LDH. Sicard and Forestier in 1928 introduced myelography with lipidiol.37 For the next 

three decades, this technique was used for diagnostic purposes. 

Myelography with an improved hydrosoluble contrast became popular.38  

Salenius in 1977 described the corelation between myelography and intraoperative findings.39 

Hounsfield and Ambrose in 1980s worked on Computerized axial tomography (CT) and improved 

resolution of neurocompressive pathologies with myelography.40 These advances allowed preoperative 

classification of direction and degree of disc pathologies. 

Clinically introduced in 1990s, Magnetic Resonance Imaging (MRI) offered a major advancement in 

evaluation of LDH. Being a non-invasive procedure without ionizing radiations, MRI allowed accurate 

evaluation of the condition. Some disc herniations were described as decreasing in size with natural 

history, some migrating and calcifying, while others symptomatic and causing significant morbidities. 

MRI became sensitive enough to conclude “absence of a clear cut pathology on MRI is a contraindication 

to surgery”.41 

On the other hand, surgeon’s started observing asymptomatic disc pathologies. They realized 

“observation of a herniation on MRI does not necessitate symptoms associated to the same level”.42 The 

advent of contrast MRI added to the diagnostic value of the modality.43 

Frymoyer et al. in 1992 concluded that disc degeneration is a result of degradation and remodelling of 

disc and vertebrae in response to physical load and vibration of a lifetime. He enlisted age, occupation, 

gender, smoking and vehicular vibration as factors contributing to disc degeneration.1 

Devo et al. in 1994 described MRI as a terrific test or tar baby. He concluded that strong reliance on 

imaging when indicated, proper use of terminologies and recognising normal clinical findings contribute 

to accurate diagnosis.44 

Jensen et al in 1994 did a study on people without back pain with MRI. They concluded many people 

without back pain have disk protrusions or bulges, but not extrusions. They summarized, discovery of 

bulges or protrusions in MRI may frequently be incidental findings.45 

Michel Benoist in 2002 did a study on natural history LDH. The clinical course was found to be related 

to the efficacy of conservative treatment. Clinical and pathomorphological evaluation with MRI and 

clinical examination is necessary for accurate diagnosis.46 

Battie et al., in 2004, concluded that genetic factors play an essential role in disc degeneration. 

Environmental factors play a minor role in lumbar disc pathologies. They also reviewed the literature 

for MRI findings associated with disc degeneration in asymptomatic and symptomatic individuals. They 

found varied results, for both groups, due to variation in definitions of degeneration of discs.2 
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Javid Majlesi et al in 2008 conducted a study on sensitivity of SLR test. The results suggested 89% 

specificity and 52% sensitivity of SLR test. They concluded that SLR test is helpful to identify patients 

with herniations with root compression requiring surgery.47 

Windt et al. in 2010 conducted a study on physical examination for lumbar radiculopathy due to disc 

herniation. They observed poor diagnostic value of physical examination and suggested imaging 

combined with clinical evaluation for the management of lumbar disc hernation.48 

Younis et al. in 2011 studied the correlation between MRI and clinical findings. They concluded that 

patients with multi-level involvement LDH had associated lower limb symptoms. Mild disc bulge patients 

correlated poorly with clinical findings.49 

Bogduk et al. in 2013 concluded that false positive results in diagnosis of discogenic pain can be 

achieved by strict operational criteria.50 

Sangani et al. in 2014 researched on the correlation between MRI in low back pain and patient’s daily 

travel time and mode. They summarized reliable association of findings with respect to travel time and 

mode. More than 2 hours of travel time and two wheeler vehicles correlated more with lower back pain 

and lumbar disc pathology.51 

Yiping Li et al. in 2015 presented the importance of correlation of imaging findings with clinical 

presenatation. He specifically commented on the term “disc bulges” as the source of confusion among 

practitioners. He suggested for additional research on the clinical applications of various 

nomenclatures.52 

Rai et al. in 2016 presented a study of MRI findings in chronic lower back pain patients. They concluded 

that significant correlation was found between MRI and clinical findings in majority of the patients. A 

few patients had poor correlation.53 

Thapa et al. in 2016 studied the correlation between clinical features and MRI in lumbar disc prolapse. 

They concluded there is fair correlation, and all imaging abnormalities don’t have clinical significance.54 

Ekedahl et al. in 2017 investigated accuracy of clinical test in detecting disc herniations and 

compression in lumbar radiculopathy. They summarized clinical assessment as lacking diagnostic 

accuracy.55 

Svanbergsson et al. in 2017 presented the usability of MRI for diagnosis in low back pain. They 

summarized that MRI and clinical results correlate poorly, with doctor’s through knowledge being more 

important for diagnosis.56 

Long Xiao et al. in 2017 analysed correlation between vertebral endplate change and lumbar DDD. They 

concluded that degree of disc degeneration and modic changes can correlate with lumbar disc 

degeneration.57 
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Korse et al. in 2017 did a study on lumbar spinal canal in patients with herniated discs. They concluded 

that spinal canal diameter in patients with LDH associated with or without cauda equina syndrome 

(CED) would determine the course of management.58 

Zi-Xuan Wang et al. in 2018 presented a study on T2 weighted MRI showing lumbar disc high-intensity 

zone (HIZ). They demonstrated the presence of HIZ on MRI associated with high body weight, aging, and 

lower back pain. They indicated these findings as a part of natural history and not an actual source of 

lower back pain.59 

Raudner et al. in 2019 studied the clinical outcomes using Quantitative MRI. They suggested 

Quantitative T2 mapping serves as a noninvasive, clinically feasible biomarker to indicate disks at risk 

for herniation, which correlate with clinical outcomes.60 

Zheng et al. in 2021 studied the clinical value of MRI for LDH. They concluded that MRI has high 

sensitivity and correlation between various clinical signs and MRI is important. They focused on the 

facet joint angle along with the lumbar disc herniation in management of the patients. MRI is a valuable 

tool in the assessment of the posterior elements.61 

 

Conclusion 

History helps us avoid incorrect pathways taken by our ancestors. It helps us learn from their mistakes 

and move forward in our quest to finding the answers. 

Lumbar Disc Herniation (LDH) has a natural history which evolves from simple bulge to a complicated 

sequestration. Knowing the natural history and the various methods of treatments from our ancestors, 

saves us from repeating mistakes, and impart proper treatment to the patients. 

Diagnosing the condition has evolved from clinical only, to myelography to MRI and various other 

modalities. Evolving with technology is the key to better management of this condition. 

 

References 

1. Sigerist H. A History of Medicine. London, UK: Luzac; 1934. 

2. Kutumbiah P. Ancient Indian Medicine. Calcutta: Orient Longmans; 1962 

3. Sonntag V. History of degenerative and traumatic disease of the spine. In: Samuel H, Greenblatt T, 

Forcht D, Epstein M, eds. A History of Neurosurgery: In Its Scientific and Professional Contexts. Park 

Ridge, IL, USA: American Association of Neu- rological Surgeons; 1997. 

http://www.medicalandresearch.com/


 

 

                                                                                  Journal of MAR Orthopedics (Volume 3 Issue 3) 

Citation: Dr Mirant Dave, “The History of Lumbar Disc Herniation (LDH) – Learning from the Past”  
MAR Orthopedics.3.3 

www.medicalandresearch.com (pg. 8) 

 

4. Marketos SG, Skiadas P. Hippocrates. The father of spine sur- gery. Spine (Phila Pa 1976). 

1999;24:1381–1387. 

5. Marketos SG, Skiadas PK. Galen: a pioneer of spine research. Spine (Phila Pa 1976). 1999;24:2358–

2362. 

6. Castro I, Santos DP, Christoph Dde H, Landeiro JA. The history of spinal surgery for disc disease: an 

illustrated timeline. Arq Neuropsiquiatr. 2005;63:701–706 

7. Chedid KJ, Chedid MK. The ‘tract’ of history in the treatment of lumbar degenerative disc disease. 

Neurosurg Focus. 2004;16:E7. 

8. Weishaupt D, Zanetti M, Hodler J, et al. Painful lumbar disk de- rangement: relevance of endplate 

abnormalities at MR imaging. Radiology 2001;218(2):420–427  

9. Cotugno D. The Ischial Nerve. Naples, Italy: Fratres Simonios; 1764 

10. Robinson JS. Sciatica and the lumbar disk syndrome: a historic perspective. South Med J. 

1983;76:232–238 

11. Luschka H, ed. The Half Joints of the Human Body. Berlin, Germany: Deutche Ned Wochenschrift; 

1858. 

12. Rajasekaran S, Babu JN, Arun R, Armstrong BR, Shetty AP, Murugan S. ISSLS Prize Winner. A 

study of diffusion in human lumbar discs: a serial magnetic resonance imaging study documenting the 

influ- ence of the endplate on diffusion in normal and degenerate discs. Spine 2004;29(23):2654–2667  

13. Alemo S, Sayadipour A. Sources and patterns of pain in lumbar disc disease: revisiting Francis 

Murphey’s theory. Acta Neuro- chir (Wien). 2010;152:1555–1558. 

14. Atlas SJ, Deyo RA, Keller RB, Chapin AM, Patrick DL, Long JM, Singer DE. The Maine Lumbar Spine 

Study, Part II. 1-year outcomes of surgical and nonsurgical management of sciatica. Spine (Phila Pa 

1976). 1996;21:1777–1786 

15. Oppenheim H, Krause F. About the entrapment or strangulation of the cauda equina. Dtsch Med 

Wochenschr. 1909;35:697–700. 

16. Kocher T. Spinal injuries described relative to the physiology of the human spinal cord. Mitt 

Grenzgeb Med Chir. 1896:415–480. 

17. Patwardhan RV, Hadley MN. History of surgery for ruptured disk. Neurosurg Clin N Am. 

2001;12:173–179, x. 

18. Goldthwait J, Osgood R. A consideration of the pelvic articulations from an anatomical, pathological 

and clinical standpoint. Boston Med Surg J. 1905;152:365–372. 

http://www.medicalandresearch.com/


 

 

                                                                                  Journal of MAR Orthopedics (Volume 3 Issue 3) 

Citation: Dr Mirant Dave, “The History of Lumbar Disc Herniation (LDH) – Learning from the Past”  
MAR Orthopedics.3.3 

www.medicalandresearch.com (pg. 9) 

 

19. Schmorl G, Junghanns H. The Human Spine in Health and Disease: Anatomicopathologic Studies. 

1st American ed. New York, NY, USA: Grune & Stratton; 1959. 

20. Padua R. The history of the diagnosis and treatment of lumbar sciatic disc herniation. Chir Organi 

Mov. 1999;84:367–373. 

21. Dandy W. Loose cartilage from intervertebral disk simulating tumor of the spinal cord. Arch Surg. 

1929;19:660–672. 

22. Brock M, Patt S, Mayer HM. The form and structure of the extruded disc. Spine (Phila Pa 1976). 

1992;17:1457–1461 

23. Fardon DF, Williams AL, Dohring EJ, Murtagh FR, Gabriel Rothman SL, Sze G. Lumbar disc 

nomenclature: version 2.0. Spine (Phila Pa 1976). 2013 Aug 21 

24. Mixter W, Barr J. Rupture of the intervertebral disc with involvement of the spinal canal. N Engl J 

Med. 1934;211: 210–215 

25. Schoenfeld AJ. Historical contributions from the Harvard system to adult spine surgery. Spine (Phila 

Pa 1976). 2011;36:E1477–1484. 

26. Alexander E Jr. Lumbar disk lesions in retrospect and prospect. Surg Neurol. 1992;38:315–317 

27. Barr JS. Ruptured intervertebral disc and sciatic pain. J Bone Joint Surg Am. 1947;29:429–437 

28. Love J. Removal of protruded intervertebral disc without laminectomy. Proc Staff Meet Mayo Clin. 

1939;14:800–805 

29. Caspar W. A new surgical procedure for lumbar disc herniation causing less tissue damage through 

a microsurgical approach. Adv Neurosurg. 1977;4:74–80 

30. Hoppenfeld S. Orthopaedic Neurology: a diagnostic guide to neurologic levels. Lippincott Williams & 

Wilkins; 1977 

31. Hakelius A. Prognosis in sciatica. A clinical follow-up of surgical and non-surgical treatment. Acta 

Orthop Scand Suppl. 1970;129:1–76 

32. Weber H. Lumbar disc herniation. A controlled, prospective study with ten years of observation. 

Spine (Phila Pa 1976). 1983;8:131–140 

33. McCulloch JA. Focus issue on lumbar disc herniation: macro- and microdiscectomy. Spine (Phila 

Pa 1976). 1996;21(Sup- pl):45S–56S 

34. Postacchini F, Postacchini R. Operative management of lumbar disc herniation: the evolution of 

knowledge and surgical techniques in the last century. Acta Neurochir Suppl. 2011;108: 17–21. 

http://www.medicalandresearch.com/


 

 

                                                                                  Journal of MAR Orthopedics (Volume 3 Issue 3) 

Citation: Dr Mirant Dave, “The History of Lumbar Disc Herniation (LDH) – Learning from the Past”  
MAR Orthopedics.3.3 

www.medicalandresearch.com (pg. 10) 

 

35. Wegner I, Widyahening IS, van Tulder MW, Blomberg SEI, de Vet HCW, Brønfort G, Bouter LM, van 

der Heijden GJ. Traction for low-back pain with or without sciatica. Cochrane Database Syst Rev. 

2013;8:CD003010 

36. Schoenfeld AJ. Historical contributions from the Harvard system to adult spine surgery. Spine (Phila 

Pa 1976). 2011;36:E1477–1484 

37. Sicard J, Forestier J. Diagnostic and Therapeutic Uses of Lipi- diol. Paris, France: Masson; 1928 

38. Padua R. The history of the diagnosis and treatment of lumbar sciatic disc herniation. Chir Organi 

Mov. 1999;84:367–373 

39. Salenius P, Laurent LE. Results of operative treatment of lumbar disc herniation. A survey of 886 

patients. Acta Orthop Scand. 1977;48:630–634 

40. Tan WS, Spigos DG, Khine N, Capek V. Computed air myelography of the lumbosacral spine. AJNR 

Am J Neuroradiol. 1983;4:609–610 

41. McCulloch JA. Focus issue on lumbar disc herniation: macro- and microdiscectomy. Spine (Phila 

Pa 1976). 1996;21(Sup- pl):45S–56S. 

42. Boden SD, Davis DO, Dina TS, Patronas NJ, Wiesel SW. Abnormal magnetic-resonance scans of the 

lumbar spine in asymptomatic subjects. A prospective investigation. J Bone Joint Surg Am. 

1990;72:403–408 

43. Tullberg T, Grane P, Rydberg J, Isacson J. Comparison of contrast-enhanced computed tomography 

and gadolinium- enhanced magnetic resonance imaging one year after lumbar discectomy. Spine (Phila 

Pa 1976). 1994;19:183–188 

44. Deyo, R.A., 1994. Magnetic Resonance Imaging of the Lumbar Spine--Terrific Test or Tar Baby? 

45. Jensen MC, Brant-Zawadzki MN, Obuchowski N, Modic MT, Malkasian D, Ross JS. Magnetic 

resonance imaging of the lumbar spine in people without back pain. N Engl J Med. 1994 Jul 

14;331(2):69-73 

46. Benoist M. The natural history of lumbar disc herniation and radiculopathy. Joint Bone Spine. 2002 

Mar;69(2):155-60 

47. Majlesi J, Togay H, Unalan H, Toprak S. The sensitivity and specificity of the Slump and the Straight 

Leg Raising tests in patients with lumbar disc herniation. J Clin Rheumatol. 2008 Apr;14(2):87-91 

48. van der Windt DA, Simons E, Riphagen II, Ammendolia C, Verhagen AP, Laslett M, Devillé W, Deyo 

RA, Bouter LM, de Vet HC, Aertgeerts B. Physical examination for lumbar radiculopathy due to disc 

herniation in patients with low-back pain. Cochrane Database Syst Rev. 2010 Feb 17 

http://www.medicalandresearch.com/


 

 

                                                                                  Journal of MAR Orthopedics (Volume 3 Issue 3) 

Citation: Dr Mirant Dave, “The History of Lumbar Disc Herniation (LDH) – Learning from the Past”  
MAR Orthopedics.3.3 

www.medicalandresearch.com (pg. 11) 

 

49. Younis, F., Shahzad, R. and Rasool, F., 2011. Correlation of magnetic resonance patterns of lumbar 

disc disease with clinical symptomatology of patients. ANNALS OF KING EDWARD MEDICAL 

UNIVERSITY LAHORE PAKISTAN, 17(1), pp.41-47 

50. Bogduk N, Aprill C, Derby R. Lumbar discogenic pain: state-of-the-art review. Pain Med. 2013 

Jun;14(6):813-36 

51. Sangani, S.G., Joshi, M.M., Sangani, C.S. and Dave, K.A., 2014. Correlation of magnetic resonance 

imaging findings in low back pain patients with daily travel time and mode 

52. Li Y, Fredrickson V, Resnick DK. How should we grade lumbar disc herniation and nerve root 

compression? A systematic review. Clin Orthop Relat Res. 2015 Jun;473(6):1896-902 

53. Rai, G.S., Mehra, A. and Gaur, T.N.S., 2016. A prospective study of magnetic resonance imaging 

findings in patients of chronic low back pain: a clinico-radiological correlation. Int J Res Med Sci, 4(1), 

pp.47-56 

54. Thapa SS, Lakhey RB, Sharma P, Pokhrel RK. Correlation between Clinical Features and Magnetic 

Resonance Imaging Findings in Lumbar Disc Prolapse. J Nepal Health Res Counc. 2016 May;14(33):85-

88 

55. Ekedahl H, Jönsson B, Annertz M, Frobell RB. Accuracy of Clinical Tests in Detecting Disk 

Herniation and Nerve Root Compression in Subjects With Lumbar Radicular Symptoms. Arch Phys Med 

Rehabil. 2018 Apr;99(4):726-735 

56. Svanbergsson G, Ingvarsson T, Arnardóttir RH. [MRI for diagnosis of low back pain: Usability, 

association with symptoms and influence on treatment]. Laeknabladid. 2017 Januar;103(1):17-22 

57. Xiao L, Ni C, Shi J, Wang Z, Wang S, Zhang J, Lu A. Analysis of Correlation Between Vertebral 

Endplate Change and Lumbar Disc Degeneration. Med Sci Monit. 2017 Oct 15;23:4932-4938 

58. Korse NS, Kruit MC, Peul WC, Vleggeert-Lankamp CLA. Lumbar spinal canal MRI diameter is smaller 

in herniated disc cauda equina syndrome patients. PLoS One. 2017 Oct 12;12(10):e0186148 

59. Wang ZX, Hu YG. Factors associated with lumbar disc high-intensity zone (HIZ) on T2-weighted 

magnetic resonance image: a retrospective study of 3185 discs in 637 patients. J Orthop Surg Res. 2018 

Dec 4;13(1):307 

60. Raudner M, Schreiner MM, Juras V, Weber M, Stelzeneder D, Kronnerwetter C, Windhager R, 

Trattnig S. Prediction of Lumbar Disk Herniation and Clinical Outcome Using Quantitative Magnetic 

Resonance Imaging: A 5-Year Follow-Up Study. Invest Radiol. 2019 Mar;54(3):183-189 

61. Zheng K, Wen Z, Li D. The Clinical Diagnostic Value of Lumbar Intervertebral Disc Herniation Based 

on MRI Images. J Healthc Eng. 2021 Apr 5;2021:5594920 

http://www.medicalandresearch.com/

